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Purpose

Patil:ents with advanced pancreas cancer present with disease that is poorly responsive to conventional
therapies. Preclinical and early clinical evidence has supported targeting the epidermal growth factor
receptor (EGFR) signaling pathway in patients with pancreas cancer. This trial was conducted to
evaluate the contribution of an EGFR-targeted agent to standard gemcitabine therapy. Cetuximab is a
monoclonal antibody against the ligand-binding domain of the receptor.

Patients and Methods
Patients with unresectable locally advanced or metastatic pancreatic adenocarcinoma were

randomly assigned to receive gemcitabine alone or gemcitabine plus cetuximab. The primary end
point was overall survival. Secondary end points included progression-free survival, time to
treatment failure, objective response, and toxicity.

Results
A total of 745 eligible patients were accrued. No significant difference was seen between the two

arms of the study with respect to the median survival time (6.3 months for the gemcitabine plus
cetuximab arm v 5.9 months for the gemcitabine alone arm; hazard ratio = 1.06; 95% Cl, 0.91 to
1.23; P = .23, one-sided). Objective responses and progression-free survival were similar in both
arms of the study. Although time to treatment failure was longer in patients on gemcitabine plus
cetuximab (P = .006), the difference in length of treatment was only 2 weeks longer in the
combination arm. Among patients who were studied for tumoral EGFR expression, 90% were
positive, with no treatment benefit detected in this patient subset.

Conclusion

In patients with advanced pancreas cancer, the anti-EGFR monoclonal antibody cetuximab did not
improve the outcome compared with patients treated with gemcitabine alone. Alternate targets
other than EGFR should be evaluated for new drug development.

J Clin Oncol 28:3605-3610. © 2010 by American Society of Clinical Oncology

merous trials using single-agent gemcitabine in
combination with different cytotoxic agents have

The 5-year survival rate of patients with pancreas
cancer remains less than 5% because of the meta-
static nature of the disease at presentation in the
majority of patients.' Conventional systemic thera-
pies have had a marginal impact on patient out-
come; therefore, studies of newer regimens are
needed to improve the survival of patients with this
disease. Gemcitabine is the most commonly used
cytotoxic drug in pancreas cancer based on a com-
parison with fluorouracil in a phase 11T trial.> Nu-

resulted in no improvement compared with gemcit-
abine alone.””

The epidermal growth factor receptor (EGFR
or HER1) is considered a key therapeutic target in
many human cancers. EGFR-mediated cell signal-
ing plays a major role in proliferation, angiogenesis,
metastasis, and evasion of apoptosis.® Moreover,
EGEFR expression with its ligands was shown to ad-
versely impact the outcome of patients with resected
pancreas cancer.”® Therapeutic targeting of EGFR
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by either monoclonal antibodies or tyrosine kinase inhibitors has been
clinically validated in a number of human cancers.’ Erlotinib added to
gemcitabine has demonstrated a marginal improvement compared
with gemcitabine alone in a recent phase III study in advanced pan-
creas cancer.'® Preclinical evidence using human pancreas cancer
xenograft in nude mice supported the strategy of disrupting the
EGFR-mediated signaling using cetuximab, a monoclonal immuno-
globulin G1 chimeric antibody directed against the receptor protein
expressed on the surface of human pancreas cells.'' Moreover, the
combination of cetuximab and gemcitabine demonstrated additive
antitumor activity in orthotopically grown human pancreas cancer in
nude mice.'” The growth-inhibitory, proapoptotic, and antiangio-
genic activities of cetuximab were associated with downregulation of
signaling through the EGFR pathway and reduced expression of
proangiogenic growth factors, such as vascular endothelial growth
factor and interleukin-8.

The established benefit of targeting the HER1/EGFR pathway in
certain human cancers (eg, colorectal cancers) and the frequent ex-
pression of the EGFR protein in pancreatic cancer cells stimulated the
investigation for a potential role of anti-EGFR therapy in pancreas
cancer."? On the basis of the preclinical data, a pilot phase II trial of
cetuximab plus gemcitabine was launched in patients with advanced
pancreas cancer that suggested an improvement in disease control and
survival over historical controls.'* In the 41 patients with EGFR-
positive tumors, median progression-free survival time, median over-
all survival time, and 1-year survival rate were 3.8 months, 7.1 months,
and 31.7%, respectively. Partial response and stable disease were seen
in 12.2% and 63.4% of patients, respectively. We report on the out-
come of a phase III trial undertaken by the Southwest Oncology
Group (protocol S0205; ClinicalTrials.gov identifier: NCT00075686).
The primary objective of the study was to compare the overall survival
in patients with advanced unresectable or metastatic pancreas cancer
treated with either gemcitabine plus cetuximab or gemcitabine alone.

Patients

Patients were eligible for the study if they fulfilled the following criteria:
histologically or cytologically confirmed adenocarcinoma of the pancreas with
distant metastases or locally advanced unresectable disease; presence of either
measurable or evaluable disease; Zubrod performance status of 0 to 2; and
adequate organ function defined as an absolute neutrophil count = 1,500/uL,
platelet count = 100,000/uL, creatinine = 2.0 mg/dL, serum bilirubin = 2 X
the upper limit of normal range for the institution, and serum AST and ALT
= 2.5 X the upper limit of normal for the institution. Prior radical surgery was
allowed, and patients must have completed adjuvant (nongemcitabine) ther-
apy at least 6 months before entry onto the study. Patients were excluded from
the study if they had HIV-1 infection, brain metastases, prior systemic therapy
for advanced disease, therapy with EGFR-targeting agents, or pregnancy. In-
stitutional review boards or ethics committees approved the study. All patients
provided a signed informed consent in accordance with institutional and
federal guidelines that included permission for the submission of tissue for
EGEFR assay.

Study Design

Objectives. The primary objective of this study was to compare the
overall survival between the two study arms (gemcitabine v gemcitabine plus
cetuximab) in patients with advanced pancreas cancer. Secondary objectives
included comparisons of time to treatment failure, progression-free survival,
toxicity profiles, and objective response rates. We also evaluated EGFR expres-
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sion to compare the overall survival in patients treated with these two regimens
in the EGFR-positive subset.

Drugs. Gemcitabine (Gemzar; Eli Lilly, Indianapolis, IN) was adminis-
tered intravenously at a dose of 1,000 mg/m? over 30 minutes. During the first
8 weeks, gemcitabine was administered weekly for 7 weeks followed by 1 week
off. In all remaining cycles, gemcitabine was administered for 3 weeks followed
by a week of rest. Cetuximab (Erbitux; ImClone Systems, Bridgewater, NJ) was
delivered intravenously at a loading dose of 400 mg/m? (over 120 minutes) on
week 1, followed by weekly maintenance doses of 250 mg/m” (over 60 min-
utes). Premedications included antiemetics and diphenhydramine 50 mg in-
travenously or orally. Treatment with both gemcitabine and cetuximab was
continued until disease progression, unacceptable toxicity, delay of treatment
by more than 4 weeks, or patient request. Dose adjustments or interruptions of
either drug were undertaken based on toxicity using standard criteria for
both drugs.

Efficacy and Toxicity

Overall survival was measured from date of registration to death as a
result of any cause. Progression-free survival was measured from the date of
registration to date of first observation of progressive disease, death as a result
of any cause, or symptomatic deterioration. Time to treatment failure was
measured from the date of registration to date of first observation of progres-
sive disease, death as a result of any cause, symptomatic deterioration, or
discontinuation of therapy. For these three end points, patients who did not
meet the defined criteria were censored at the time of last known patient
contact. Objective response assessments were performed in patients with mea-
surable disease using the Response Evaluation Criteria in Solid Tumors
(RECIST) criteria.'” Radiologic monitoring of tumor areas was undertaken by
either computed tomography or magnetic resonance imaging every 8 weeks.

Patients were monitored for toxicity at least weekly, with adverse events
reported to the Southwest Oncology Group Statistical Center after every cycle
of treatment (28 days). Toxicity was graded according to the National Cancer
Institute Common Terminology Criteria for Adverse Events (version 3). In
addition, serious adverse events were reported to the National Cancer Institute
via the Adverse Event Expedited Reporting System.

EGFR Assay

Diagnostic tumor tissues were obtained from patients as part of an
eligibility criterion. A paraffin block, 10 unstained sections, or five unstained
cytologic smears were used for the determination of EGFR expression by
immunohistochemistry. Deparaffinized sections were run on a DAKO Au-
tostainer using predilute anti-EGFR antibody and the DAKO pharmDX kit
(DAKO, Carpinteria, CA). Primary antibody and detection reagent incuba-
tions were each 30 minutes, and staining was visualized by reacting with
diaminobenzidine for 5 minutes. Slides were then counterstained with May-
er’s hematoxylin and dipped in Scott’s water (2% magnesium sulfate, 0.2%
potassium bicarbonate) before being dehydrated through graded alcohols/
xylenes and coverslipped. Any surface membrane staining of tumor cells was
regarded as positive. Samples with no tumor cell staining were interpreted as
negative if adjacent normal epithelial elements showed some staining. Samples
showing no tumor staining and lacking normal epithelial elements were read
as uninterpretable.

Statistical Analysis

The primary end point of the study was overall survival. Assuming a
6-month median survival time in the gemcitabine arm, the study was designed
to detect an improvement in overall survival to 8 months in the cetuximab
arm, corresponding to a 1.33 hazard ratio (HR). With a one-sided o = .0125,
the study had an estimated 92% power based on a targeted accrual of 706
eligible patients accrued over a 5-year interval. It was estimated that approxi-
mately 90% or more of these patients would be EGFR positive, yielding
enough patients to detect a 1.33 HR in this subset with 90% power.

Patients were randomly assigned to one of the two treatment arms using
the dynamic balancing algorithm with stratification based on performance
status (0 to 1 v 2), extent of disease (locally advanced v metastatic), and prior
pancreatectomy (yes v no). The primary analysis used a stratified Cox regres-
sion analysis based on these stratification factors. Eligible patients were in-
cluded in the analyses according to the intent-to-treat principle. For the
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Enrollment
(N =766)

Excluded
— Did not meet inclusion criteria (n = 21)
Withdrew consent

(n=23)

(n=2)

Allocated to gemcitabine alone (n=371)

Analyzed
(n=371)

Allocated to gemcitabine + cetuximab (n = 372)

Received allocated intervention (n =357) Received allocated intervention (n =362)
Did not receive allocated intervention (n = 14) Did not receive allocated intervention (n = 10)
Death before treatment start (n=4) Death before treatment start (n=3)
Progression before treatment start (n=1) Progression before treatment start (n=1)
Patient refusal (n=5) Patient refusal (n=3) . .
Other patient illness (n=4) Other patient illness (n=3) Fig 1. CONSORT diagram.
Discontinued intervention (n =357) Discontinued intervention (n=362)
Death (n=27) Death (n=23)
Progression (n =203) Progression (n=223)
Refusal (n=32) Refusal (n=18)
Toxicity (n=80) Toxicity (n=77)
Other nonprotocol specified (n=15) Other nonprotocol specified (n=21)

Analyzed
(n=372)

clinical end points, all patients were included regardless of treatment status.
For adverse event analyses, only treated patients were included. Analyses of
objective response were only conducted in the subset of patients with measur-
able disease at baseline. Patients who did not have appropriate on-study
assessments of disease measurements were assumed to have not responded. A
sensitivity analysis was also conducted on all randomly assigned patients,
yielding no difference from what is reported here. Data analyses for this study
were performed by the Southwest Oncology Group Statistical Center.

This study was monitored by the Data and Safety Monitoring Commit-
tee of the Southwest Oncology Group, with two planned interim analyses after
approximately one third and two thirds of the expected deaths had occurred.
At each interim analysis, the Data and Safety Monitoring Committee assessed
whether the trial could be terminated early according to protocol-specified
guidelines. Both reviews resulted in the recommendation for continuation of
the study until final data maturity.

Patients

Seven hundred sixty-six patients were entered onto the study
between January 1, 2004 and April 1, 2006 (Fig 1). Of these patients,
745 were clinically eligible for the study. Twenty-one patients were
ineligible and excluded from analyses because of ampullary cancer
(n = 10), adenocarcinoma originating from outside of the pancreas
(n = 3), atrial fibrillation (n = 2), prior surgery (n = 1), neuroendo-
crine tumor (n = 2), prior chemotherapy (n = 2), and congestive
cardiac failure (n = 1). Both arms were well balanced regarding the
stratification factors and other patient characteristics (Table 1).

Efficacy

Overallsurvival. Eligible patients were included in the analysis of
survival based on the intent-to-treat principle. Twenty-two patients
did not receive any protocol treatment and were analyzed according to
the assigned treatment arm. Two additional eligible patients withdrew
consent for all treatment and follow-up after random assignment and

WWW.jco.org

were excluded from analyses. The median survival times for patients
on gemcitabine alone and gemcitabine plus cetuximab were 5.9 and
6.3 months, respectively (HR = 1.06; 95% CI, 0.91 to 1.23; one-sided
P = .19; Fig2). There was no significant interaction between treatment
and either sex or race (P = .48 and P = .57, respectively). Similarly,
there were no detectable interactions between treatment and perfor-
mance status (P = .38), prior pancreatectomy (P = .86), and disease
extent at presentation (P = .78).

Table 1. Demographic and Clinical Characteristics of 743 Patients With
Advanced Pancreas Cancer Treated With Gemcitabine Plus Cetuximab or
Gemcitabine Alone
% of Patients
Gemcitabine Gemcitabine/Cetuximab
Characteristic (n =371) (n = 372)
Median age, years 64.3 63.7
Sex
Male 54 51
Female 46 49
Race
African American 9 7
White 87 87
Other 4 6
Hispanic 2 B
Performance status
0/1 87 87
2 13 13
Extent of disease
Localized 22 21
Metastatic 78 79
Liver metastases 64 66
Radical pancreatectomy 11 10
Adjuvant chemotherapy 4 7
Measurable disease 88.3 86.3
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No.of  No.of Median
Patients Events (months)
— Gemcitabine 371 355 5.9

80 1 --- Gemcitabine and cetuximab 372 355 6.3

60

40

Overall Survival By
Treatment Arm (%)

20 A

48

Time After Registration (months)

Fig 2. Kaplan-Meier curves for overall survival in patients with advanced
pancreas cancer treated with either gemcitabine alone or gemcitabine
plus cetuximab.

Progression-free survival and time to treatment failure. 'Two hun-
dred twenty-four patients on the combination arm and 202 patients
on the single-agent arm discontinued protocol treatment because of
progression of disease. Median progression-free survival time was 3.0
months on the gemcitabine arm and 3.4 months on the gemcitabine
plus cetuximab arm (HR = 1.07; 95% CI, 0.93 to 1.24; P = .18). The
median time to treatment failure was 1.8 months on the gemcitabine
arm compared with 2.3 months on the gemcitabine plus cetuximab
arm (HR = 1.21; 95% CI, 1.04 to 1.40; P = .006). Although this
difference was statistically significant in favor of patients treated with
gemcitabine plus cetuximab compared with gemcitabine alone, the
median difference was only 2 weeks.

Objective tumor response. Objective tumor response was deter-
mined in 660 patients who had measurable disease at entry onto the
study (Table 2). The objective response rate was similar in both arms
of the study (P = .59). Fourteen percent of patients treated with
gemcitabine alone had a confirmed or unconfirmed response com-
pared with 12% of patients treated with the combination. Stable
disease was observed in 30% and 37% of patients who received
gemcitabine alone and the combination, respectively.

Table 2. Objective Response Assessment in Patients With Locally
Advanced or Metastatic Pancreas Cancer Treated With Gemcitabine Plus
Cetuximab or Gemcitabine Alone

Gemcitabine/

Cetuximab Gemcitabine
(n = 329) (n = 331)
No. of No. of
Response Patients % Patients %
Complete response 1 0 0 0
Partial response 27 8 23 7
Unconfirmed complete response 0 0 2 1
Unconfirmed partial response 13 4 21 6
Stable disease 122 37 100 30
Progressive disease 118 36 134 41
Inadequate assessment” 48 15 51 15

“Included patients who had either early death or symptomatic deterioration
but no objective evaluation.

3608 © 2010 by American Society of Clinical Oncology

Table 3. Summary of Grade 3 or Greater Adverse Events in 716 Patients
With Advanced Pancreas Cancer Treated With Gemcitabine Plus
Cetuximab or Gemcitabine Alone
% of Patients With Grade = 3
Gemcitabine/Cetuximab Gemcitabine
Adverse Event (n = 361) (n = 3bb)
ALT 4.4 25
Alkaline phosphatase 4.7 3.1
Allergic reaction 4.7 3.1
Anorexia 6.4 7.3
Bilirubin 3.6 1.4
Constipation 3.0 25
Dehydration 3.9 2.3
Diarrhea 2.8 2.5
Fatigue 20.2 18.0
Anemia 9.7 6.2
Hypokalemia 3.9 1.4
Leukocytes 1.1 14.1
Muscle weakness 6.1 5.3
Nausea 9.1 6.2
Neutropenia 23.3 23.9
Platelets 6.6 8.5
Rash 6.9 0.0
Vomiting 6.6 2.2

Adverse Events

Seven hundred sixteen patients were evaluable for toxicity assess-
ment. Table 3 compares the frequency of adverse events between the
two arms of the study. Sixteen percent and 11% of patients experi-
enced grade 4 or 5 toxicities on the gemcitabine plus cetuximab and
gemcitabine alone arms, respectively. Eight grade 5 toxicities were
reported, seven on the gemcitabine plus cetuximab arm and one on
the gemcitabine arm. Four of the deaths on the gemcitabine plus
cetuximab arm and one on the gemcitabine arm were disease related.
Treatment-related deaths included hemolytic uremic syndrome
(n = 1) and respiratory failure (n = 2). Cetuximab did not seem to
worsen the gemcitabine-associated toxicities. However, cetuximab
was associated with an increased frequency of allergic reactions and
skin toxicities including acne and rash. Forty-eight percent and 8% of
patients on the gemcitabine plus cetuximab arm experienced grade 2
and 3 skin toxicities, respectively. Ninety-seven patients on the com-
bination arm and 116 patients on the gemcitabine alone arm were
removed from study because of toxicity or patient refusal for
other reasons.

EGFR Expression

Pretreatment pancreas cancer specimens were available in 702
eligible patients. EGFR expression was evaluable for 595 eligible pa-
tients. There were no differences in baseline characteristics or outcome
in either EGFR assessable or nonassessable patients. Of the 595 pa-
tients evaluated, 547 (92%) stained positive. Among these EGFR-
positive patients, the median survival was 6 months in each arm
(HR = 0.98;95% CI, 0.83 to 1.17; P = .42).

This report summarizes the largest clinical trial, to our knowledge, to
study the impact of targeting the EGFR pathway in patients with

JOURNAL OF CLINICAL ONCOLOGY
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advanced pancreas cancer. Despite promising preclinical and early
clinical results, this study failed to demonstrate that cetuximab im-
proved the outcome of therapy in patients treated with gemcitabine
for advanced pancreas cancer. No significant difference was seen be-
tween the two arms of the study with respect to median survival, which
was the primary end point (6.3 months for the gemcitabine plus
cetuximab arm v 5.9 months for the gemcitabine alone arm; HR =
1.06, P = .23). Progression-free survival and objective response rates
were also similar in both arms of the study. The slightly longer time to
treatment failure in the cetuximab arm is likely a result of the potential
bias by investigators and patients who, because of the unblinded
nature of this trial, may have been willing to continue on the experi-
mental arm for slightly longer.

Cetuximab has also failed to demonstrate improved patient out-
come when paired with other chemotherapeutic regimens.'® Only the
use of the tyrosine kinase inhibitor drug erlotinib has demonstrated
modest improvement in patients with advanced pancreatic cancer. A
phase III trial was undertaken by the National Cancer Institute of
Canada (PA.3 Trial) to test the benefit of erlotinib, an oral tyrosine
kinase inhibitor, in a comparable population of patients with ad-
vanced pancreas cancer when combined with gemcitabine.'” There
was a significant difference in survival in favor of the gemcitabine plus
erlotinib arm (HR = 0.82, P = .038). A major question is the lack of
translation of the preclinical findings in pancreas cancer to the clinical
setting and the discrepancy of outcome when compared with other
adenocarcinomas (eg, colorectal cancer) in which cetuximab has
shown clinical benefit."?

The current study supports the findings of other investigators
regarding the lack of a predictive value of EGFR expression in tumors
with respect to treatment outcome in patients treated with anti-EGFR
agents.” Specifically, EGFR expression, as quantified by immunohis-
tochemistry, is unlikely to identify patients whose tumors are predom-
inantly driven by the EGFR signaling pathway and thus will be
responsive to cetuximab. EGFR mutations that predict response to
therapy have not been identified in pancreas cancer.

Future research should improve our understanding of molecular
mechanisms underlying resistance to the EGFR blockade and the
identification of tumors that may be responsive to such therapy. K-Ras
mutations influence response to cetuximab in patients with advanced
colorectal cancer, but their contribution to cetuximab resistance has
not been studied in pancreas cancer. The redundancy and cross talk in
signaling pathways suggest that an effective blockade of proliferative
and antiapoptotic signals in advanced pancreas cancer may require the
testing of multitargeted strategies in the development of new therapies
for this disease. A rational design of multitargeted therapies must
ultimately be based on molecular profiling of tumors.

In conclusion, this phase III study of gemcitabine versus gemcit-
abine plus cetuximab failed to demonstrate a benefit for the addition
of cetuximab in a molecularly unselected population of patients with
advanced pancreas cancer. Results of this study do not exclude a
potential benefit for an anti-EGFR therapeutic strategy in this disease
because future work must focus on the identification of molecular
predictors of response to this class of drugs.
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